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Overview

Miami is facing an inevitable future in which sea level rise will submerge some
of the city and most of the Everglades and agriculture area by 2100.
Phase one investigates the impact on ecosystems surrounding Miami due to
climate shift and rising sea level. During this phase, the effect of sea level rise
(SLR) on ecosystems in Miami will be analyzed using the existing Land Cover
Distribution Map and Land Cover Change Report posted by the National
Oceanic and Atmospheric Administration (NOAA).
Phase two talks about the farming land being taken over by the wetland.
However, both wetland and farming land will decrease if the sea level rise
continuously. The subject of the probable future of wetland and agricultural
area is covered in this phase.
Phase three choose the future scenario from current to 2080. To help the farms
that will be affected in this period to adapt to a range of issues caused by rising
sea levels, some strategies have been proposed in this phase. Then the study
will zoom into smaller scale to study how specific farms adapt to sea level rise.
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Site

The site will be studied in three scales, the largest one is the agricultural
area in Miami. In this scale, water and land cover relation will be considered.
Medium scale is the agriculture area that will be replaced by marsh by 2080.
The composition of current agriculture and the relationship between marsh
migration and farmlands will be considered in this scale. The strategies to
solve the issues that sea level rise brought will be introduced.
In the smallest scale, the farms on the cross-section of medium scale will
be chosen. Alternatives to compensate for the economic loss of current
agricultural industry will be focused on.
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Phase 1 Sea Level Rise &
Saltwater Wetland Migration
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Abstract
Phase one investigates the impact on ecosystems surrounding Miami due to
climate shift and rising sea level. During this phase, the effect of sea level rise
(SLR) on ecosystems in Miami will be analyzed using the existing Land Cover
Distribution Map and Land Cover Change Report posted by the National
Oceanic and Atmospheric Administration (NOAA).
The research indicates that gradually increasing salinity in the Everglades
and decreasing freshwater wetland will cause the salt marsh [Be consistent:
either ‘salt marsh’ or ‘saltmarsh’ is ok, but you should pick one.]to eventually
replace the freshwater wetland. As the salt marsh invades the Everglades,
the mangrove, which expands rapidly in brackish water and salt water, will
take over an increasing amoung of space. Once mangroves are able to enter
the Everglades, they could dominate the saltwater wetland. There will be
other significant ecosystem changes, too; salt marsh is expected to replace
vast agricultural lands. What will be gained and lost during this evolution?
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Introduction

In this chapter, the investigation will be addressed by asking and answering
questions including the following: what types of ecosystems exist in
and around Miami? What will happen to them under continuing SLR? If
ecosystems have adapted to the SLR, what are the human impacts on
ecosystems’ adaptation?
South Florida is home to a variety of ecosystems. As this Land Cover
Mapping of 2010 provided by the NOAA shows, different ecosystems vary
horizontally from coastal dunes, salt marshes and mangroves to upland forest
and continuous freshwater wetlands. Facing the inevitable SLR, ecosystems
in Miami have to adjust in response to the climate shift. Some species do not
possess sufficient adaptability, and will become vulnerable or be replaced. In
addition to the natural ecosystems, some agricultural lands that are located
in low terrain will undergo the same changes as the freshwater wetland.

Methods

1. By reviewing relevant literature about Miami flood zones, develop an
understanding of water surrounding Miami.
2. Map the salt marsh migration scenario based on the existing land cover
distribution map posted by the NOAA to see the specific area where the
migration is likely to happen.
3. Analyze the food web and habitat of each wetland system to explore the
possible effects of ecosystem replacement on specific sections. By examining
small sections at a time, it will be possible to hypothesize how the salt marsh
migration might impact the whole ecosystem.
4. Overlap the ecosystem Wetland Migration Map with the Urban Aerial Map
to identify the conflict areas.
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Phase 1 Saltwater Wetland Migration
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Miami experiences flooding every year. Where does the flooding come from? From 2011 to 2015 the sea level surrounding Miami rose almost one inch per
year. This rising rate is approximately ten times the rate of average global SLR. The rising sea level increases the rate of storm surges and the height of the
king tide, which is the most common reason for flooding. Heavy precipitation is another main factor that could lead to flooding. Flooding can also be caused
by water moving inland from upstream. During heavy rain, the rainfall from Lake Okeechobee intensifies the flooding. So all together, flooding in Miami is
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Southern Florida is home to all kinds of ecosystems. The 2010
land cover chart, provided by the NOAA, shows that different
ecosystems including coastal dunes, salt marshes, mangroves,
mountain forests and continuous freshwater wetlands are the
result of a combination of factors including terrain, salinity,
type of soil, fire frequency and more.
Freshwater wetlands are mainly distributed in the Everglades,
and play a unique role in the ecosystem of southern Florida.
They occupy nearly 30% of Florida’s land, which is a higher
proportion than any other state, and they are at the forefront
of sea level rise. When the seawater enters inland and
upstream, the inland part of the wetland is easily damaged by
seawater intrusion caused by leakage through the limestone
foundation.

Ecosystem Distribution
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According to NOAA’s Southeast Regional Land Cover Change
Report from 1996 to 2010, the wetlands in this area have
been significantly decreased. The reduction of forests is not
as severe as the reduction of wetlands. By comparing the land
cover change over the same period, we can conclude that
the decrease of wetlands in the last 20 years has mainly been
caused by human development.
From 1996 to 2006, the disappearing wetland area was
divided into orange patches, most of which were between the
Everglades and the developed cities, and also known as part
of the east coast buffer.
Other visible changes include the expansion or contraction of
seawater wetlands in specific areas, but their substitutes are
not significant.

Ecosystem change
15

Future scenario

Although it has not happened yet, future scenarios will be used to predict sea level changes in 2050 and 2100. In
order to imagine the long-term effects of SLR in 2050 and 2100, we use the NOAA2017 Int-High scenario, which
predicts 2 inches of sea level rise in 2050, and 6 inches in 2100. Based on the GIS map made by the United States
National Oceanic and Atmospheric Administration, by 2050, SLR will have a significant impact on coastal areas
of Miami, including the bay area, the Cutler Bay and the bay of Biscan, and the canals connected to the sea. In a
scenario of “SLR,” brine will enter inland through these low altitude corridors and occupy the Everglades.
Another important point is that if we examine the situation in the southern Florida area, we can see that seawater
is attacking the Everglades. This fact indicates that salty water has attacked both sides of the freshwater wetlands.
Additionally, due to variations in geography, the water in the southwest area moves faster.
16
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Existing and migration habitat
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The Everglades provides valuable wildlife habitats, including
abundant food resources and nest spaces. These communities
offer habitats that allow for the survival of wildlife, from
plankton to alligators, even during times of flooding and
drought.
Freshwater marshes are the foundation of the freshwater
wetland food web, and are in danger of being replaced by salt
marsh. Species which can only survive in freshwater wetland
such as freshwater fish will have to leave or they will die in the
saltwater. Fortunately some species, especially some types of
wading birds, have the potential to adapt to the salinity shift.
There are few places like the Everglades which can provide
an opportunity to get close to these unforgettable birds.
Therefore the salt marsh migration could replace freshwater
wetlands, but that wouldn’t be a disaster for the whole
ecosystem, because the salt water wetland also provides a
habitat for a diverse range of species.
19

Findings + Conclusions

Assessment

Ecosystems used to have adaptive capabilities; however, the pressure from
contamination, development, diversion of natural water flow, and invasive
plant species has gradually reduced the ability of the ecosystem to adapt to
changes in climate.
Climatic shifts include precipitation change, salinity shift, increasing air, water
temperature, and variation in water chemistry. These factors contribute to the
reduction and weakening of wetlands.

My original intention was to figure out the most vulnerable species in the
Miami/Everglades area by comparing the migration speed of each wetland
plant with the projected speed of SLR. I then intended to identify the indicator
species to visualize the migration process. It turns out that the migration
succession and climate change process is too complicated to determine the
relative relationships.
By the end of phase 1, my research had evolved to focus on how to rearrange
the vulnerable districts along the Miami River bank to adapt to the dynamic
flooding.

Flooding is a specific issue in Miami as the climate change situation gets
progressively worse. Due to a combination of factors, including sea level
rise (SLR), storm surges, precipitation, runoff from upstream and seawater
intrusion, the flooding will become more frequent and more severe.

Due to the low elevation flat terrain of the Everglades, the freshwater wetland
will first be invaded by salt marsh. On the east side of Miami, the SLR will
inundate most of the districts along the Miami River and canals. Salt marsh is
expected to take over these submerged districts, although the hard surfaces
of the city infrastructure in these areas does not provide a good foundation for
salt marsh to take hold.
As the research suggests, the valuable wetland is decreasing. People who live
in the high-risk flooding areas are also threatened. Is there any possibility for
people to create space for salt marshes to migrate?
Another finding is that agricultural land will decrease by a third by 2100. The
next phase could start to investigate the importance of the farming area. Does
Miami need to be rearranged processively based on the loss of land caused
by sea level rise?
20

There is no doubt that the group research is efficient. Everyone developed
specific interests based on the phase 1 research. I also moved past the
confusion caused by my original question and figured out a more realistic and
meaningful research topic.

The research we have done has mostly focused on the Everglades Ecosystem.
The coastal wetland should be investigated equally. The human scale research
and experience of Miami is lacking in this phase. These aspects should be
improved in the next step. Comparing the Miami River with coastal flooding
zones in other cities may be helpful in the following stage. Site investigation,
precedent study, and priority of different land use and the strategies for
determining how to best use the land will be the focus in phase 2.

Phase 2 Agriculture Is Declining

21

Abstract
The Everglades is a unique natural region of tropical wetlands in Miami, the
southern portion of the U.S. state of Florida. Over the past century, more
than half of the historic wetlands have disappeared because they have
been drained and replaced with urban development and farms. Due to the
sea level rise and climate change, the farming land is being taken over by
the wetland. However, both wetland and farming land will decrease if the
sea level rises continuously. The subject of what the future of wetland and
agricultural areas is will be studied[I replaced “learned” because you can’t
really “learn” the future (I don’t think)] in this phase.
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Introduction

Wetlands provide many societal benefits: food and habitat for fish and
wildlife; water quality improvement; flood storage; shoreline erosion control;
economically beneficial natural products for human use; and opportunities for
recreation, education, and research. The agricultural industry provides more
than 20,000 employment opportunities and constitutes more than $2.7 billion
worth of economic activity each year. Both wetland and farming land are
indispensable from both an economic and an ecological perspective but both
are facing severe decline because of sea level rise.

Methods

1 Understand overall regional change in Miami by overlapping the marsh
migration map, agricultural map, and residential area map.
2 Comprehend the relationship between water level and land cover by
literature research online.
3 Clarify the change of each type of land cover in terms of elevation by cutting
the cross section from the Everglades to the boundary of urban development.
4 Point out current issues by illustrating site photos.

23

Phase 2 Agriculture is declining
Miami-Dade County’s Agricultural industry is one of the most diverse in the country. Tropical climate provides us with a year-round growing season, as well
as the ability to produce an extremely wide range of crops.Employing more than 20,000 people and contributing more than $2.7 billion in economic impact
each year, the industry is a valuable resource for Miami-Dade County. Coupled with the economic benefits are environmental and aesthetic advantages.It is
necessary to examine and if possible prevent the decline of this precious agricultural resource.
Let’s talk about more detail of wetland mitigation and agricultural area decline. These series of maps show the wetland migration process from now to 2100.
We can see that the marsh will expand a little bit along the canal in 30 years. From 2050-2080, the marsh along canals will keep expanding, and marsh from
the Everglades will start to move into the agricultural area. By 2100, the agricultural area will be taken over dramatically.
RESIDENTIAL AREA
AGRICULTURAL AREA
WETLAND AREA
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Wetland Migration Succession
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Additionally, in downtown
Miami, where the population
is most concentrated, we
are losing land area because
of the sea level rise. The
rate of population growth
is increasing every year
and people in Miami don’t
have more space for urban
development.

Population Density Distribution
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As we know, the land cover is impacted by the depth of the underground water in Miami. This drawing shows the specific water level change effect on the land
cover. This diagram assumes that particular wetland types exist within an established tidal elevation range, based on an accepted understanding of what types
of vegetation can exist given varying frequency and time of inundation, as well as salinity impacts from such inundation.
As sea level rises, higher elevations will become more frequently inundated, allowing for marsh migration landward. At the same time, some lower-lying areas
will be so often flooded that the marshes will no longer be able to thrive, becoming lost to open water.

Water level impact land cover
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This cross section above is from the Everglades to this
residential area, in order to study the relationship between
water level and existing land condition. The color palette
below is drawn from the cross section that represents the
different types of land cover to emphasize the dramatic
change of land area.
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Cross section of existing condition
from the Everglades to urban
developement
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The section below shows the future scenario of 6’ sea level rise. Referring to water level and land cover diagram, the probable
land cover was modified based on the water level change. And we can see land shrink clearly by the color palette.
Most of the wetland becomes open water, and some of the agricultural areas turn to marsh. This means that both farming land
and wetland are shrinking. And we can see from the plan that almost ⅔ of farming land will turn to wetland. This is a significant
impact on the agricultural industry.`
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Cross section of future scenario by
2100from the Everglades to urban
developement
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I abstracted the migration process into a matrix of land types and played with the blocks to find a new development tendency.
The first is to increase the planted density and shift the population to the agricultural area. Another one is to break up all the
farming land, residential land, wetland, and open water into small fragments and reorganize them to a unit which could be a
module to be applied anywhere.

Existing condition and future scenario

Increasing density of farming

Modular combination
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Site Photos
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Findings + Conclusions

Through analyzing the marsh migration process, one understands that the area
of wetland is decreasing and moving inland. At the same time, the farming land
is being invaded by the wetland. Although this result was concluded based on
a future scenario and it is not a definitely known occurrence, we cannot ignore
the potentially severe impact on society and the ecosystem.
The decline of farming land definitely affects agriculture-related income
and agricultural production, and food prices and commodity prices will rise
consequently. The decay of agricultural industry impacts the number of
employed workers directly.
We now realize that wetlands provide many benefits to society – such as fish and
wildlife habitats, natural water quality improvement, flood storage, shoreline
erosion protection, opportunities for recreation and aesthetic appreciation,
and natural products for our use at little or no cost. The decline of wetlands
can increase the risk of flood damage and worsen water quality.
Wetlands are among the most productive ecosystems in the world. They
also are a source of substantial biodiversity in supporting numerous species,
from all of the major groups of organisms – from microbes to mammals. If
the sea level rise is inevitable, can wetlands be an alternative agricultural area
to produce food and bring new economic opportunity to Miami? The next
portion of this book will start to explore the possible future alternatives for
wetland and agricultural areas in Miami.
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Assessment

With the end of phase one, my aim for phase two is to resolve the conflicts
between wetland migration and urban development. The analysis of flooding
zones in different types of land use helps me understand the influence of
inundation on urban development and the impact to farming land. Because the
agricultural area is between the Everglades and urban development, it could
be seen as the barrier of the city if the marsh invades inland. Additionally,
farming land provides employment opportunities and economic benefits. Then
I turn to study the impact of the marsh migration process on farming land.
Since the wetland can bring both economic and ecological benefits to society
and ecosystem, the migration process can be considered as an opportunity if
the sea level rise is inevitable. Phase 2 would benefit from studies examining
the relative benefits of new wetlands as compared to the previously existing
farmland. Such studies are unfortunately lacking at this time.
The next phase will start by making up the deficiency of phase two. I will then
go on to study the possible future alternatives for wetland and agricultural
areas in Miami.

Phase 3 Agriculture Adapt to SLR

35

Abstract
According to the study of phase 2, there will be a dramatic change of
agricultural area from 2080 to 2100. Therefore, this scenario will be chosen
to study the adaptive possibilities in phase 3. To help the farms in this area to
adapt to a range of issues caused by rising sea levels, some strategies have
been proposed in this phase. The study will then zoom into the small scale to
learn how specific farms adapt to sea level rise (SLR)

36

Introduction

From 2080 to 2100, almost half of the agricultural area will be replaced by
wetland. The loss of farmland is a global issue caused by climatic extremes,
with effects including SLR and drought, among others. In Miami, the SLR
turns the wetland migration inland, but most of the components of the
wetland could not survive under salty and moist soil conditions. The floating
treatment wetland will be proposed to respond to issues related to this,
such as the pollution of runoff from farmland to marsh. The windbreak will
be introduced to protect the farmlands from storm surge. Aquaculture can
be considered as an alternative to redeem the economic loss of primary
agriculture industry.

Methods

1. Determine the study scope by comparing marsh migration maps.
2. Summarize the strategies that can be used in Miami based on precedents.
3. Design the typical threshold by using the precedents’ procedures.
4. Understand the economic contribution of each commodity by literature
review.
5. Understand the future possibilities by comparing the water level, land
cover types, and viable species synthetically.
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Phase 3 Agriculture adapt to SLR
Comparing the present to 2100 on the marsh migration map, we can see that the area of agriculture is decreased dramatically. Marsh will replace almost half
of the farmlands during this period. However, the marsh is one of the most productive ecosystems in the world. It not only can increase the biodiversity of
Miami, but it also can add economic benefits to Miami.

Wetland Values
38

Some of the problems visited upon farmlands due to marsh migration include the decline of the agricultural industry, increase of soil salinity, more frequent
flooding, heavy winds caused by storm surge, and pollution of nutrients from runoff discharged from farmlands.
The series of diagrams on the right show the strategies to solve these issues. First, dig canals within farms to provide space for floating treatment wetland. The
floating treatment wetland is known to purify the pollution from farmland, retain water during flooding and release clean water back to the farms gradually.
Second, to address the frequency and damage of storm surges caused by SLR windbreaks between farms can protect the farmlands from heavy wind. Finally,
taking advantage of marsh migration to create aquaculture ponds in the marsh area, thus obtaining more benefits.

Design Strategies Diagram
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The section below shows the conceptual scene of the threshold between agricultural area and wetland.

40
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The study of existing crops is another significant portion of
this phase. The existing types of farms include vegetable
crops, fruit groves, container nurseries, field nurseries,
livestock, and fallow land.
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The circinate diagram on the right shows the current
agricultural situation. The size of the center angle indicates
the percentage of the area of each type of farm. The thickness
of each arch shows the economic contribution per acre.
Vegetable crops occupy the majority of the agricultural area,
and are also the most prominent part of the replacement. On
the contrary, animals, both livestock and aquaculture, occupy
the smallest area but contribute the most economic value
per acre. Only a few plant species can adapt to the salty and
moist soil, as shown on the plants list.

These diagrams and previous study show that aquaculture
can be one of the alternative means to redeem the loss of
agricultural industry in future.

Existing aquaculture includes ornamental fish, mollusks,
alligators, aquatic plants, other food fish, tilapia, catfish, live
rock and other aquaculture. Ornamental aquaculture is the
most considerable proportion and is also the most valuable
classification in aquaculture.
43

The study then zooms into the small scale to study the specific farms in the threshold region. This area is on the edge of
the agricultural sector and next to the Everglades currently. This area would be replaced by marsh by 2080 according to the
projected future scenario.
In this area, there are seven farms. Four of them consist of vegetable crops and the other three are the container nursery.
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The land cover and water
level relationship, and the
succession of land cover, is
depicted in the diagram. The
light green shows the mean
high water level in which
environment freshwater
wetland can survive, and dark
green shows the mean water
level in which the salt marsh
can grow.
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Taking into account the
existing type of each farm,
three types of farm are
proposed. First one: the light
brown part is the current
container nursery which could
quickly adapt to the water
level change via the creation
of a shelf to separate it from
the ground or by creating a
new type of aquaponics. The
second type is the current
vegetable crops under the
mean high water level by
2080, and these areas can be
cultivated with salt-tolerant
crops to adapt to sea level
rise.
The last type is the current
vegetable crops which would
be submerged by the mean
water level in 2080. These
areas could be planed to
aquaculture by digging
agriculture ponds.
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Strategies such as windbreak and floating treatment island could be applied to these farms
firstly as a framework, and the proposed farming types could be built on the frame. Based on
the research, the windbreaks can provide protection for a distance equal to ten times their
height. A farm only needs 0.37% area of floating treatment wetland to absorb and purify the
polluted runoff from the farm.
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According to the different demands of proposed farms, the diagram below shows the viable
species which can be used in specific farms.

48
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Findings + Conclusions

Based on the investigation of this phase, severe issues caused by declining of
agriculture were found during 2080 to 2100 period. To solve these problems,
the remedies of floating treatment wetland, windbreak, and aquaculture pond
were introduced.
Vegetable crops are the most substantial part of existing agricultural industry,
but they are also the most substantially declining area. Aquaculture only
occupies a fractional portion of the farming sector, but contributes the highest
benefit per acre. Only a few species in the existing nurseries can adapt to salty
and moist soil conditions.
Aquaculture could be applied to most of the declining area; some of the other
areas present opportunities to cultivate viable hydrophyte as an alternative.
Fields with container nurseries can adapt to sea level rise easily, but could also
be changed into aquaponic farms.
Viable hydrophyte can provide many economic benefits, as food resource,
oilseed, ornamental plants and biological fuel. Aquaculture includes aquatic
plants, ornamental fish, shrimp, and more. Thus, aquaculture can be one of the
alternatives deployed to redeem the loss from the decline of agriculture, and
also can provide more biodiversity for Miami.
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Assessment

Generally, most of the schedule has been finished in this phase, only the
proposed master plan for the whole agricultural area has not been done yet.
There are some critical aspects which were not considered carefully in this
phase.
In phase 3, economic value is the most crucial part of the study. But as the
thesis of landscape architecture aspect, people’s experience also should be
considered as an essential feature. How to engage people in the agricultural
area and provide various experience will be a fascinating topic for future study.
The design in this phase only focuses on the individual farm scale. The scale
could be extended to city scale to establish the connection between farms and
the transportation from farms to Miami or somewhere outside Miami.
The selection of hydrophyte and fishes are considered as a potential economic
benefit as well in phase 3. Some species that could contribute to water
purification or flooding absorption are also significant and could be added to
the alternative list.
The design of farm types is based on an ideal set of conditions. Because it
only considers the current topography and water level, we have to expect that
the actual situation will be more complicated. The conflicts and advantages
and disadvantages between each type of farms also need to be considered
carefully when farmers make the selection of commodities.
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Overall Assessment
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Final Conclusions

From the research of the entire semester, it can be seen that sea level rise is
a severe issue globally, which brings many problems. In Miami, the first and
largest area which will be affected other than the Everglades is the agricultural
field.
Agricultural decline has a direct impact on daily human life. 90% of commodities
from the region are exported to other states in the United States and other
countries. Some commodities even provide more than 90% of American
demand. Because of the tropical climate, the farmland in Miami is productive
and unique.
By 2080, more than half of the agricultural area will be replaced by marsh.
However, the wetland is one of the most diverse and productive ecosystems
in the world, which can redeem the economic loss of agricultural decline, and
increase the biodiversity of Miami.
Aquaculture can be one of the alternatives to help farmlands adapt to the sea
level rise. Compared with traditional agriculture, aquaculture is more adaptive
to sea level rise and can provide more opportunities for human engagement.
Ornamental aquaculture contributes the highest economic value per acre in
Miami, even though it occupies the smallest amount of space.
Not only transforming the type of each farm, but also increasing the density of
agriculture area, is another option which could be developed. Vertical farming
can combine with aquaponics to create a new kind of farm in Miami.
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Final Assessment

It seems only the first week’s schedule could be accomplished for each phase.
Especially in the second phase, the plan has been modified twice a week.
Because in the first phase, the research results of group are too broad, we can
not study deeply according to the preferences of the group members.
Suzanne keeps asking us about the impact of marsh migration, and why people
have to pay attention to it, but we thought that freshwater wetland decrease
is the impact and have not been able to figure out what the other significant
issue could be. We had a chance to study agricultural decline at that time.
However, we focused on the marsh migration and ignored the impact of it.
In the second phase, I shifted many aspects until Suzanne told me I had to stop
escaping from the difficulties and that I must choose one to focus on. I spent
too much time on figuring out my thesis topic, and the following schedule was
postponed. Phase 2 is not a productive period, I planned too much, but I just
figured out the primary impact of sea level rise on agriculture and Miami city. I
have no idea about what can I do for this issue.
In phase 3, as the investigation deepened, my direction became clear. I don’t
have a specific schedule at this time, but once I find the valuable information,
I will turn it into a sketch, and, after discussing it with Suzanne, I will revise it
as a final drawing. I spent an efficient period until I started to zoom into smallscale and trying to design the farms. I thought I could stop doing research
and pay more attention to the design process. However, I found that I need
more information to help me make decisions. I wasted so much time in my
hesitation that I only finished the small-scale design and failed to make a
regional application.
Generally, although my thesis is not complete in some aspects, it opens a new
field for me to study in my whole career. The decline of the agricultural area
will be an essential topic in this century, which we need to figure out.
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